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COMMUNICATION DEVICE FOR PROCESSING 
DATA RECEIVED FROM NETWORK 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a network com 
munication technique, and particularly to a technique for 
increasing a communication processing rate if data is 
received from a network using TCP/IP (Transmission Con 
trol Protocol/Internet Protocol). 
0.003 2. Description of the Background Art 

0004 TCP/IP protocol is widely used in data communi 
cation executed on the Internet. In recent years, many types 
of mobile terminals having an Internet browser function 
exist. The TCP/IP protocol is used for equipment installed to 
these mobile terminals. Generally, there is a limit to the 
processing capability and power consumption of a CPU 
(Central Processing Unit) of Such an installed equipment. It 
is, therefore, necessary to reduce a processing quantity and 
power consumption required for the TCP/IP protocol. 

0005 Ordinary processings in a case where an Ethernet 
frame including TCP/IP packets is received on the network 
using the TCP/IP protocol will now be described. A com 
munication equipment which receives the Ethernet frame is 
notified by a network controller that a network driver 
received the Ethernet frame. The network driver reads the 
received Ethernet frame from the network controller and 
transfers the read frame to the buffer of the network driver. 
A TCP/IP protocol processing Section Sequentially analyzes 
the Ethernet frame, an IP datagram included in the Ethernet 
frame and a TCP segment included in the IP datagram. The 
TCP/IP protocol processing Section extracts a data part in the 
TCP Segment and transferS the extracted data part to a 
receiving window. If receiving data according to the TCP 
protocol, this receiving window is a receiving buffer which 
is necessary to TCP Specifications. 

0006 Under the regulations of the TCP protocol, if a 
TCP/IP data packet is transmitted to the other equipment on 
the network, it is necessary to include the empty size of the 
receiving window in a TCP header. Data is held in the 
receiving window until a data receiving request according to 
TCP protocol is issued from an application task. When a data 
receiving request according to the TCP protocol is issued 
from the application task, data is transferred from the 
receiving window to a buffer designated by the application 
task. 

0007 As can be seen, according to the ordinary TCP/IP 
protocol, the data received from the other equipment on the 
network is transferred from the buffer of the network driver 
through the receiving window to the buffer designated by the 
application task. Under the regulations of the TCP/IP pro 
tocol, a transmission end communication equipment trans 
mits data in accordance with the empty size of the receiving 
window notified from the receiving end communication 
equipment. The receiving end communication equipment is 
prohibited to decrease the receiving window Size halfway 
along the communication. For this reason, a memory area 
with a fixed length or a memory area the size of which is not 
decreased halfway along the communication is normally Set 
in the receiving window so as to realize the TCP/IP protocol. 
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0008 However, in the processing performed by the 
receiving end communication equipment, the received data 
is temporarily transferred to the receiving window and then 
transferred to the buffer designated by the application task. 
AS a result, the number of times of data transfer increases. 
Due to this, load on the CPU and hardware necessary for the 
TCP/IP protocol processing increases to thereby disadvan 
tageously increase power consumption, and it is difficult to 
Secure an empty size in the receiving window of the receiv 
ing end communication equipment to thereby disadvanta 
geously decrease data communication rate. 

SUMMARY OF THE INVENTION 

0009. It is an object of the present invention to provide a 
communication device and a mobile terminal capable of 
decreasing the number of times of data transfer between 
buffers if data is received from a network according to a 
protocol specified by TCP/IP or the like. 
0010. It is another object of the present invention to 
provide a communication device and a mobile terminal 
capable of transferring data with low power consumption if 
the data is received from a network. 

0011. It is yet another object of the present invention to 
provide a communication device and a mobile terminal 
capable of executing a data receiving processing at high rate 
if data is received from a network. 

0012. It is still another object of the present invention to 
provide a communication device and a mobile terminal 
capable of executing a data receiving processing to corre 
spond to a buffer specification if data is received from a 
network. 

0013 A communication device according to the present 
invention includes: a network control circuit controlling 
transmission and reception of a data item for a network, a 
first Storage circuit connected to the network control circuit, 
and temporarily Storing the received data item; a Second 
Storage circuit connected to the first Storage circuit, and 
Storing the received data item; and a control circuit control 
ling the data item Stored in the first Storage circuit and the 
Second Storage circuit to be transferred to a predetermined 
buffer. The control circuit includes: a first transfer control 
circuit controlling the first Storage circuit to transfer the data 
item stored in the first storage circuit to the buffer in 
response to a request to Store data in the buffer, the request 
issued before preset time passes Since the data item has been 
Stored in the first Storage circuit; and a Second transfer 
control circuit controlling the Second Storage circuit to 
transfer the data item Stored in the first Storage circuit to the 
Second Storage circuit when the preset time passes Since the 
data item has been Stored in the first Storage circuit, and to 
transfer the data item Stored in the Second Storage circuit to 
the buffer in response to the request to Store data in the 
buffer. 

0014. If network communication is held according to, for 
example, the TCP/IP protocol, the communication device 
has the buffer of a communication driver Serving as the first 
Storage circuit and a receiving window Serving as the Second 
Storage circuit. If the network control circuit detects the 
reception of a data item, the data item is Stored in the buffer 
of the communication driver. If a data receiving request is 
issued from an application task before preset time passes 
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since the data item has been stored in the buffer of the 
communication driver, the data item Stored in the commu 
nication driver is transferred to a buffer designated by the 
application task. In this case, the received data item does not 
go through the receiving window. On the other hand, when 
the preset time passes Since the data item has been Stored in 
the buffer of the communication driver, the data item stored 
in the buffer of the communication driver is transferred to 
the receiving window. Thereafter, when the data receiving 
request is issued from the application task, the data item 
stored in the receiving window is transferred to the buffer 
designated by the application task. In this case, the received 
data item goes through the receiving window. By doing So, 
all the received data items are not transferred from the buffer 
of the communication driver to the receiving window but 
only the data items for which no receiving request is issued 
from the application task before the preset time passes are 
transferred from the buffer of the communication driver to 
the receiving window. As a result, it is possible to provide a 
communication device capable of decreasing the number of 
times of data transfer between the buffers and executing a 
data receiving processing at high rate with low power 
consumption if data is received. It is noted that the empty 
Size of the receiving window Serving as the Second Storage 
circuit is decreased in accordance with the Size of the 
received data items Stored in the receiving window. In 
addition, the empty size of the receiving window is 
increased in accordance with the Size of data items read from 
the receiving window by the application task. The empty 
Size of this receiving window is transmitted to the other 
device on the network. The communication device accord 
ing to the first aspect Stores the data to be Stored in the 
receiving window which Serves as the Second Storage cir 
cuit, in the buffer of the network driver which serves as the 
first Storage circuit. The empty size of the receiving window 
transmitted to the other device on the network is calculated 
for not only the data Stored in the receiving window but also 
the data Stored in the network driver (i.e., calculated to 
include not only the empty size of the receiving window but 
also the empty size of the buffer of the network driver). In 
other words, the empty size of the receiving window trans 
mitted to the other device on the network is a size obtained 
by Subtracting the size of the data Stored in the receiving 
window and the size of the data stored in the network driver 
from the size of the receiving window. In addition, the empty 
Size of the receiving window transmitted to the other device 
on the network is not a size obtained by adding the empty 
size of the receiving window and the empty size of the buffer 
of the network driver. If So, the empty size of the receiving 
window transmitted to the other device on the network 
becomes equal to the empty size of the receiving window of 
a conventional device. Therefore, the communication device 
according to the present invention does not contradict the 
TCP/IP protocol specification. 

0.015. It is more preferable that the first control circuit 
includes a circuit transferring the data item Stored in the first 
Storage circuit to the buffer in response to the request to Store 
the data in the buffer, the request issued before the preset 
time passes Since the data item has been Stored in the first 
Storage circuit, until a preset number of data items have been 
Stored in the first Storage circuit. The Second control circuit 
includes a circuit transferring the data item Stored in the first 
Storage circuit to the Second Storage circuit if one of a 
condition that preset time passes Since the data item has been 
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Stored in the first Storage circuit and a condition that the 
preset number of data items have been stored in the first 
Storage circuit is Satisfied, and transferring the data item 
Stored in the Second storage circuit to the buffer in response 
to the request to store the data in the buffer. 

0016. If one of the two conditions, i.e., the condition that 
the preset time passes Since the data item has been Stored in 
the buffer of the communication driver and the condition that 
the preset number of data items have been Stored in the 
buffer of the communication driver, is Satisfied, the data item 
is transferred from the communication driver to the receiv 
ing window. As a result, the data item for which no receiving 
request is issued from the application task before the preset 
time passes is transferred from the communication driver to 
the receiving window. In this case, even before the preset 
time passes, if the preset number of data items are Stored in 
the buffer of the communication driver, the data items 
exceeding the preset number are transferred from the buffer 
of the communication driver to the receiving window. AS a 
result, the buffer of the communication driver always stores 
only data items not greater than the preset number, making 
it possible to Secure a constant size of an empty area. 
Consequently, it is possible to decrease the probability that 
data cannot be transmitted to the buffer of the communica 
tion driver because of lack of the empty buffer of the 
communication driver. 

0017. It is further preferable that the first transfer control 
circuit includes a circuit transferring the data item Stored in 
the first storage circuit to the buffer in response to a request 
to Store data in the buffer, the Storage request issued before 
preset time passes Since the data item has been Stored in the 
first Storage circuit, until a preset capacity of data items have 
been Stored in the first Storage circuit. The Second transfer 
control circuit includes a circuit transferring the data item 
Stored in the first Storage circuit to the Second storage circuit 
if one of a condition that the preset time passes Since the data 
item has been Stored in the first Storage circuit and a 
condition that the preset capacity of data items have been 
Stored in the first Storage circuit is Satisfied, and transferring 
the data item Stored in the Second storage circuit to the buffer 
in response to the request to Store the data in the buffer. 

0018) If one of the two conditions, i.e., the condition that 
the preset time passes Since the data item has been Stored in 
the buffer of the communication driver and the condition that 
the preset capacity of data items have been Stored in the 
buffer of the communication driver, is Satisfied, the data item 
is transferred from the communication driver to the receiv 
ing window. As a result, the data item for which no receiving 
request is issued from the application task before the preset 
time passes is transferred from the buffer of the communi 
cation driver to the receiving window. In this case, even 
before the preset time passes, if the preset capacity of data 
items are stored in the buffer of the communication driver, 
the data items exceeding the preset capacity are transferred 
from the buffer of the communication driver to the receiving 
window. As a result, the buffer of the communication driver 
always Stores only data items not greater than the preset 
capacity, thereby making it possible to Secure a constant size 
of an empty area. Consequently, it is possible to decrease the 
instance that data cannot be transmitted to the buffer of the 
communication driver because of lack of the empty buffer of 
the communication driver. 
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0019. It is also preferable that the preset time is set based 
on a communication State of the network. 

0020. The preset time can be set based on the commu 
nication State of the network. For example, the communi 
cation device measures transmission time required for trans 
mitting a data item from the transmission end to the 
receiving end. If this transmission time is relatively long, 
time required for the data item to reach the receiving end 
from the transmission end becomes long, as well. Therefore, 
the preset time may be set long. By doing So, it is possible 
to decrease the number of times of temporarily transferring 
the data item stored in the buffer of the driver to the 
receiving window and then transferring the data item to the 
buffer of the application task. 
0021. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a control block diagram of a PDA into 
which a communication device according to embodiments 
of the present invention is installed; 
0023 FIG. 2 is a block diagram of a program configu 
ration executed by a CPU shown in FIG. 1; 
0024 FIG. 3 is a view showing a structure of data 
received and transmitted by a communication device accord 
ing to the embodiments of the present invention; 
0.025 FIGS. 4 and 5 are flowcharts showing processing 
procedures executed by a communication device according 
to a first embodiment of the present invention; 
0.026 FIGS. 6 to 8 are explanatory views for a transfer 
processing executed by the communication device accord 
ing to the first embodiment of the present invention; 
0027 FIGS. 9 and 10 are flowcharts showing processing 
procedures executed by a communication device according 
to a Second embodiment of the present invention; 
0028 FIGS. 11 to 13 are explanatory views for a transfer 
processing executed by the communication device accord 
ing to the Second embodiment of the present invention; 
0029 FIG. 14 is a flowchart showing processing proce 
dures executed by a communication device according to a 
third embodiment of the present invention; 
0030 FIGS. 15 to 17 are explanatory views for a transfer 
processing executed by the communication device accord 
ing to the third embodiment of the present invention; 
0.031 FIG. 18 is a flowchart showing processing proce 
dures executed by a communication device according to a 
fifth embodiment of the present invention; 
0032 FIGS. 19 and 20 are explanatory views for a 
transfer processing executed by the communication device 
according to the fifth embodiment of the present invention; 
0033 FIGS. 21 and 22 are flowcharts showing process 
ing procedures executed by a communication device accord 
ing to a sixth embodiment of the present invention; 
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0034 FIGS. 23 to 26 are explanatory views for a transfer 
processing executed by the communication device accord 
ing to the Sixth embodiment of the present invention; 
0035 FIGS. 27 and 28 are flowcharts showing process 
ing procedures executed by a communication device accord 
ing to a Seventh embodiment of the present invention; 
0036 FIGS. 29 and 30 are flowcharts showing process 
ing procedures executed by a communication device accord 
ing to an eighth embodiment of the present invention; 
0037 FIGS. 31 and 32 are flowcharts showing process 
ing procedures executed by a communication device accord 
ing to a tenth embodiment of the present invention; and 
0038 FIGS. 33 and 34 are flowcharts showing process 
ing procedures executed by a communication device accord 
ing to an eleventh embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0039 Hereinafter, the embodiments of the present inven 
tion will be described with reference to the drawings. It is 
noted that the same components are denoted by the same 
reference Symbols, respectively, in the following description 
and the drawings. The names and functions thereof are the 
Same. These components will not be, therefore, repeatedly 
described. 

0040 First Embodiment 
0041) A control block of a PDA (Personal Digital Assis 
tant) into which a communication device according to the 
first embodiment of the present invention is installed will be 
described with reference to FIG. 1. As shown in FIG. 1, a 
PDA 100 includes an Ethernet controller 110 which is an 
interface with the network and which notifies a CPU 120 of 
an interrupt signal when data transmission and reception is 
completed, CPU 120 which controls the entirety of PDA 
100, and an LCD (Liquid Crystal Display) 130 and a touch 
panel 140 which are man-machine interfaces, a ROM (Read 
Only Memory) 150 and a RAM (Random Access Memory) 
160 which Store a program for executing a processing to the 
described later and operation results halfway along the 
execution of the program. In addition, Ethernet controller 
110 is connected to a connector 190 for the connection to the 
network. 

0042 Referring to FIG. 2, a configuration of a program 
receiving processing executed by the communication device 
according to this embodiment will be described. When 
detecting that a frame addressed to its own Station is 
transmitted over an Ethernet cable, Ethernet controller 110 
performs receiving processings including an error detect 
processing to the frame. Thereafter, Ethernet controller 110 
notifies an Ethernet driver processing Section 122 of the 
receiving of the Ethernet frame by performing an interrupt 
processing. 

004.3 Ethernet driver processing section 122 is started in 
response to the interrupt signal from Ethernet controller 110 
and analyzes the header part of the received Ethernet frame. 
If an IP datagram is included in the Ethernet frame, Ethernet 
driver processing section 122 notifies a TCP/IP protocol 
processing task 124 of the receiving of the IP datagram. 
0044) If data according to the TCP/IP protocol is 
received, an application task 126 notifies a data receiving 
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request to TCP/IP protocol task 124. At this moment, 
application task 126 also notifies TCP/IP protocol task 124 
of information about an address at which the TCP/IP pro 
tocol data is stored, the size of the TCP/IP protocol data or 
the like. Application task 126 is Set in a wait State until 
TCP/IP protocol processing task 124 notifies application 
task 126 of the completion of receiving. 
0.045. A cyclic handler 128 is started at preset time 
intervals and instructs TCP/IP protocol processing task 124 
to cyclically execute a communication processing. 
0.046 TCP/IP protocol processing task 124 executes a 
TCP/IP protocol processing in response to the notification 
from application task 126, cyclic handler 128, Ethernet 
driver processing Section 122 or the like. 
0047 Referring to FIG. 3, the structure of data processed 
by the communication device according to the first embodi 
ment will be described. As shown in FIG. 3, the Ethernet 
frame includes a header and data. The data of the Ethernet 
frame is referred to as “IP datagram” which includes a 
header and data. The data of the IP datagram is referred to 
as “TCP segment” which includes a header and data. 
0.048. The header of the TCP segment stores order num 
bers indicating a data transmission order, data Size and the 
like. The data of the TCP segment stores data (e.g., D(0), 
D(1), D(2) and D(3)) to be used by an application task. 
0049 Referring to FIG.4, the program executed by PDA 
100 into which the communication device according to this 
embodiment is installed has the following control structure. 
0050. In step (abbreviated to as “S” hereinafter) 100, 
CPU 120 starts various tasks. In S102, CPU 120 performs an 
initialization processing. At this moment, variables and the 
like are initialized. 

0051). In S104, CPU 120 awaits a notification from a task 
or a handler. In S106, CPU 120 determines whether or not 
CPU 120 has received an IP datagram receiving notification. 
If the IP datagram receiving notification is received (“YES” 
in S106), processing proceeds to S108. If not (“NO” in 
S106), the processing proceeds to S130 shown in FIG. 5. 
0052. In S108, CPU 120 analyzes an IP header part. In 
S110, CPU 120 determines whether or not a TCP segment is 
included. If a TCP segment is included (“YES” in S110), the 
processing proceeds to S112. If not (“NO” in S110), the 
processing returns to S104. 
0053. In S112, CPU 120 analyzes the TCP segment. In 
S114, CPU 120 determines whether or not TCP data is 
included. If TCP data is included (“YES” in S114), the 
processing proceeds to S116. If not (“NO” in S114), the 
processing proceeds to S118. 

0054) In S116, CPU 120 creates management information 
for allowing the driver of Ethernet driver processing Section 
122 to hold the TCP data. The created information includes 
time at which the TCP data is extracted, a TCP data storage 
area and the like. 

0055. In S118, CPU 120 performs a response processing 
in response to the received TCP Segment. The processing 
then returns to S104. 

0056 Referring to FIG. 5, in S130, CPU 120 determines 
whether or not a TCP receiving request has been received. 
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If the TCP receiving request has been received (“YES” in 
S130), the processing proceeds to S132. If not (“NO" in 
S130), the processing proceeds to S160. 
0057. In S132, CPU 120 determines whether or not a 
receiving window or the buffer of the driver holds the TCP 
data. If the receiving window or the buffer of the driver has 
TCP data (“YES” in S132), the processing proceeds to S134. 
If not (“NO” in S132), the processing returns to S104 in 
FIG. 4. 

0.058. In S134, CPU 120 transfers the TCP data from the 
receiving window or the buffer of the driver to a buffer area 
designated by the application task. 

0059. In S136, CPU 120 determines whether or not the 
TCP data is transferred from the receiving window. If the 
TCP data is transferred from the receiving window (“YES” 
in S136), the processing proceeds to S138. If not (“NO” in 
S136), the processing proceeds to S140. 
0060. In S138, CPU 120 updates receiving window man 
agement information. In S140, CPU 120 determines whether 
or not the TCP data is transferred from the buffer of the 
driver. If the TCP data is transferred from the buffer of the 
driver (“YES” in S140), the processing proceeds to S142. If 
not (“NO” in S140), the processing proceeds to S146. 
0061. In S142, CPU 120 releases the buffer area of the 
driver in which the transferred TCP data is stored. In 
S144,CPU 120 releases the area of the management infor 
mation corresponding to the transferred TCP data. 

0062). In S146, CPU 120 notifies the application task 
which issued the receiving request of the completion of TCP 
receiving. Thereafter, the processing returns to S104 shown 
in FIG. 4. 

0063). In S160, CPU 120 determines whether or not a TCP 
cyclic processing request has been received. If the TCP 
cyclic processing request has been received (“YES” in 
S160), the processing proceeds to S162. If not (“NO” in 
S160), the processing proceeds to S104 shown in FIG. 4. 
0064. In S162, CPU 120 sets holding time as holding 
time=(present time)-(TCP data extraction time). In S164, 
CPU 120 determines whether or not the holding time is 
longer than preset holding time. If the holding time is longer 
than the preset holding time (“YES” in S164), the processing 
proceeds to S166. If not (“NO” in S164), the processing 
proceeds to S104 shown in FIG. 4. 

0065. In S166, CPU 120 transfers the TCP data stored in 
the buffer of the driver to the receiving window. In S168, 
CPU 120 updates the receiving window management infor 
mation. In S170, CPU 120 releases the buffer area of the 
driver in which the transferred TCP data is stored. In S172, 
CPU 120 releases the area of the management information 
corresponding to the transferred TCP data. Thereafter, the 
processing returns to S104 shown in FIG. 4. 
0066. The operation of PDA 100 including the commu 
nication device according to this embodiment based on the 
above-mentioned structure and flowcharts will be described. 

0067 FIGS. 6 to 8 show processing procedures if PDA 
100 including the communication device according to this 
embodiment receives an Ethernet frame including a TCP/IP 
packet from the Ethernet. 
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0068. As shown in FIG. 6, Ethernet controller 110 
detects a frame having an Ethernet address addressed to its 
own station from Ethernet frames flowing on the Ethernet 
(“YES” in S106). Ethernet controller 110 stores the received 
frame in the memory. Ethernet controller 110 notifies Eth 
ernet driver 122 of the receiving of the frame. Ethernet 
driver 122 transfers the Ethernet frame received from Eth 
ernet controller 110 to the buffer of the driver. TCP/IP 
protocol processing task 124 analyzes the Ethernet frame 
stored in the buffer of the driver, the IP datagram included 
in the Ethernet frame and header information and data on the 
TCP segment included in the IP datagram (in S108 and 
S112), determines whether or not the frame and the like are 
addressed to its own Station, whether or not there is an error 
in the data and the like, and finally extracts TCP data D(0) 
(“YES” in S114). 
0069 Data D(0) is not transferred to the receiving win 
dow. Instead, data D(0) is held in the buffer of the driver. At 
this moment, information for managing time T(0) at which 
data D(0) was extracted, memory arrangement address infor 
mation on data D(0), the size of data D(0) and the like is 
created (in S116). Likewise, if three other Ethernet frames 
are received, data D(1) to D(3) is held in the buffer of the 
driver and management information including time T(1) to 
T(3) for which data D(1) to D(3) is held and the like is 
created. It is assumed herein that time for holding each of 
data D(0) to D(3) in the buffer of the driver is not longer than 
preset time. 
0070 FIG. 7 shows a case where the TCP data receiving 
request is issued from application task 126 by preset time. If 
the receiving request is issued from application task 126, the 
management information corresponding to data D(0) to D(3) 
held in the buffer of the driver is referred to and data D(0) 
to D(3) is transferred from the buffer of the driver to a buffer 
designated by application task 126 (in S134). The manage 
ment information corresponding to transferred data D(0) to 
D(3) is erased (in S144). 
0071. Here, if the total size of data D(0) to D(3) held in 
the buffer of the driver is larger than the size of the buffer 
designated by application task 126, Some of data D(0) to 
D(3) held in the buffer of the driver is transferred by as much 
as a size equal to that of the buffer designated by application 
task 126. Only the management information on the data 
completely transferred is erased and data which is not 
completely transferred is held in the buffer of the driver 
(including a case where only a part of the data is transferred) 
and the management information is updated So as to corre 
spond to the data. 
0072 FIG. 8 shows a case were no TCP data receiving 
request is issued from application task 126 by the preset 
time. If a receiving request is not issued from application 
task 126 at certain time T, the management information 
corresponding to data D(0) to D(3) stored in the buffer of the 
driver is referred to and periods dT(0) to dT(3) from time T 
until time T(0) to T(3) for which the respective data is held 
are calculated (in S162). 
0073) If periods dT(O) to dT(3) exceed preset time; data 
D(0) to D(3) is transferred from the buffer of the driver to the 
receiving window (in S166) and the management informa 
tion corresponding to the transferred data is erased (in 
S172). 
0.074 AS can be seen, in a PDA into which the commu 
nication device according to this embodiment is installed, if 
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the receiving request is issued from the application task by 
the preset time, data is transferred from the buffer of the 
driver to the buffer designated by the application task 
without going through the receiving window. Due to this, 
compared with the conventional art, the number of times of 
data transfer is decreased. By decreasing the number of 
times of data transfer, power consumption required for the 
TCP protocol processing is decreased. In addition, if the 
receiving request is not issued from the application task with 
the preset time exceeded, the data held in the driver is 
transferred to the receiving window. Due to this, compared 
with a case where no time limitation is given, the probability 
that the buffer of the driver is occupied by data decreases. As 
a result, if an Ethernet frame which does not include a packet 
according to the TCP/IP protocol (Such as a packet accord 
ing to ARP (Address Resolution Protocol), ICMP (Internet 
Control Message Protocol), UDP/IP (User Datagram Proto 
col/Internet Protocol or the like), it is possible to decrease 
the probability that the Ethernet controller cannot transfer 
the received Ethernet frame even while a plurality of appli 
cations are executed and communication with a plurality of 
equipment are held. Consequently, it is possible to prevent 
transfer rate at the time of receiving data from being 
decreased. 

0075. In this embodiment, a case where the data accord 
ing to the TCP protocol included in the Ethernet frame is 
received has been described. However, the present invention 
is not limited to this case. For example, even if TCP data 
included in the other frame, e.g., a PPP (Point-to-Point 
Protocol) frame is received, the communication device 
according to this embodiment can be used. A transmission 
path is not limited to the Ethernet but may be the other 
transmission path Such as a transmission path utilizing a 
telephone line using a modem. 
0076) Second Embodiment 
0077 A PDA which includes a communication device 
according to the second embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0078 Referring to FIGS. 9 to 10, a program executed by 
the PDA including the communication device according to 
this embodiment has the following control structure. In the 
flowchart shown in FIG. 9, the same processings as those in 
the flowchart shown in FIG. 4 are denoted by the same step 
numbers, respectively. In the flowchart shown in FIG. 10, 
the same processings as those in the flowchart shown in 
FIG. 5 are denoted by the same step numbers, respectively. 
These processings will not be, therefore, repeatedly 
described herein. 

0079. In S200, CPU 120 determines whether or not the 
number of pieces of TCP data held in the driver is not greater 
than a preset number. If the number of pieces of TCP data 
held in the driver is not greater than a preset number (“YES” 
in S200), the processing proceeds to S116. If not (“NO” in 
S200), the processing proceeds to S204. 
0080. In S202, CPU 120 updates the number of pieces of 
TCP data held in the buffer of the driver. 

0081. In S204, CPU 120 transfers the TCP data to the 
receiving window. In S206, CPU 120 updates management 
information on the receiving window. 
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0082. After S202 and S206, the processing proceeds to 
S118. 

0083) Referring to FIG. 10, if a TCP receiving request is 
received, CPU 120 updates the number of pieces of TCP 
data held in the buffer of the driver in S230. 

0084. If the TCP cyclic processing request is received, 
CPU 120 updates the number of pieces of TCP data held in 
the buffer of the driver in S260. 

0085. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. 

0.086 FIGS. 11 to 13 show processing procedures if the 
PDA according to this embodiment receives an Ethernet 
frame including TCP/IP packets. In this embodiment, as in 
the case of the first embodiment, after TCP segment data is 
extracted, the data is not transferred to the receiving window 
but held in the buffer of the driver until preset time. The 
Second embodiment, however, differs from the first embodi 
ment in that the number of pieces of data held in the buffer 
of the driver is limited to not greater than a preset number. 
Namely, if data exceeding the preset number is received, the 
received data is not held in the buffer of the driver but 
transferred to and held in the receiving window. 
0087 FIG. 11 shows a case were the preset number of 
pieces of data is “2”. Data D(0) to D(1) received by the PDA 
is held in the buffer of the driver until a receiving request is 
issued from application task 126 before the respective preset 
data passes as in the case of the first embodiment (“YES” in 
S200). Data D(2) to D(3) received thereafter is transferred 
from the buffer of the driver to the receiving window and 
held in the receiving window. This is because the number of 
pieces of data exceeds the preset number (“NO” in S200). 
0088 FIG. 12 shows a case where a receiving request is 
issued from application task 126 after the processing shown 
in FIG. 11 and if periods for which data D(0) to D(1) is held 
in the buffer of the driver fall within preset periods, respec 
tively. When a receiving request is issued from application 
task 126 (“YES” in S130), management information corre 
sponding to data D(0) to D(1) held in the buffer of the driver 
is referred to and data D(0) to D(1) is transferred from the 
buffer of the driver to a buffer designated by application task 
126 (in S134). The management information corresponding 
to data D(0) to D(1) transferred from the buffer of the driver 
is erased (in S144). 
0089. It is determined whether or not there is data held in 
the receiving window (in S132), and data D(2) to D(3) is 
transferred from the receiving window to the buffer desig 
nated by application task 126 (in S134). Here, if the total 
size of data D(0) to D(3) is larger than the size of the buffer 
designated by application task 126, Some of data D(0) to 
D(3) is transferred by as much as a size equal to the size of 
the buffer designated by application task 126 and remaining 
data is continuously held. 

0090 FIG. 13 shows a case where a TCP protocol data 
receiving request is not issued from application task 126 
after the processing shown in FIG. 11 and even if the periods 
for which data D(0) to D(1) is held in the buffer of the driver 
exceed a preset period. If no receiving request is issued from 
application task 126 at certain time T, management infor 
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mation corresponding to data D(0) to D(1) stored in the 
buffer of the driver is referred to and periods dT(0) to dT(1) 
from time Tuntil time T(0) to T(1) for which the respective 
data is held are calculated (in S162). If periods dT(0) to 
dT(1) exceed the preset time (“YES” in S164), data D(0) to 
D(1) is transferred from the buffer of the driver to the 
receiving window (in S166) and the management informa 
tion corresponding to the respective data is erased (in S172). 
0091 AS can be seen, in the PDA including the commu 
nication device according to this embodiment, if a receiving 
request is issued from the application task before preset 
time, data D(0) to D(1) is transferred from the buffer of the 
driver to the buffer designated by the application task 
without going through the receiving window. In addition, 
since the number of pieces of data held in the buffer of the 
driver is limited to not greater than the preset number, it is 
possible to Secure the empty capacity of the buffer of the 
driver by as much as the predetermined number of data. Due 
to this, even if an Ethernet frame which does not include 
TCP/IP packets is received or even if a plurality of appli 
cation tasks are executed on the PDA and the respective 
application tasks communicate with other devices, it is 
possible to decrease the probability that the Ethernet frame 
received by the Ethernet controller cannot be transferred to 
the buffer of the driver. 

0092. Third Embodiment 
0093 A PDA which includes a communication device 
according to the third embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0094) Referring to FIG. 14, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 14, the same processings as those 
in the flowchart shown in FIG. 9 are denoted by the same 
Step numbers, respectively. These processings will not be, 
therefore, repeatedly described herein. 
0.095. In S300, CPU 120 compares a transmission order 
with the number of empty areas and determines whether or 
not the received TCP data can be held in the buffer of the 
driver. If the comparison between the transmission order and 
the number of empty areas shows that the TCP data can be 
held in the buffer of the driver (“YES” in S300), the 
processing proceeds to 5116. If not (“NO” in S300), the 
processing proceeds to S204. 
0096. After the processing in S116, the processing pro 
ceeds to S202 and S118 and then returns to S104. 

0097. After the processing in S204, the processing pro 
ceeds to S206 and S118 and then returns to S104. 

0098. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. 

0099 FIGS. 15 to 17 show processings if the PDA 
including the communication device according to this 
embodiment receives an Ethernet frame which includes 
TCP/IP packets from the Ethernet. It is assumed herein that 
a transmission end communication device transmits the 
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Ethernet frame including data D(0), D(1), D(2), and D(3) in 
this order and that a receiving end the PDA receives the 
Ethernet frame including data D(0), D(2), D(1), and D(3) in 
this order. 

0100. In this embodiment, as in the case of the second 
embodiment, after the data of a TCP segment is extracted, 
the extracted data is not transferred to the receiving window 
but held in the buffer of the driver until preset time. Further, 
it is assumed that the number of pieces of data held in the 
buffer of the driver is not greater than a preset number. In the 
Second embodiment, the data is held in the buffer of the 
driver by as much as the preset number of data in the order 
of receiving by the PDA. In this embodiment, by contrast, 
only the data in the order of transmission by the transmission 
end device and within a range of the preset number is held 
in the buffer of the driver. The other data is transferred from 
the buffer of the driver to the receiving window. 
0101 FIGS. 15 to 16 show a case where the preset 
number of pieces of data is “2'. The transmission commu 
nication device transits the Ethernet including data D(O), 
D(1), D(2) and D(3) in this order. When receiving data D(0) 
and D(1) (“YES” in S300), the PDA performs processing in 
accordance with the order of transmission. The PDA holds 
the data in the buffer of the driver by preset time in 
accordance with the order of transmission. If other data D(2) 
and D(3) is received (“NO” in S300), the other data is 
transferred from the buffer of the driver to the receiving 
window (in S204). 
0102 Since there is a limitation that a period for which 
data is held in the buffer of the driver is within the preset 
time. Due to this, data D(0) is held in the buffer of the driver 
for the preset time. However, if no receiving request is 
issued from application task 126 by the preset time, pro 
cessing procedures are those shown in FIG. 17. That is, data 
D(0) is transferred to the receiving window. After the 
transfer of data D(0), the number of pieces of data held in the 
buffer of the driver becomes “1”. Due to this, if data D(3) is 
received, data D(3) is held in the buffer of the driver. 
0103) As can be seen, in the PDA including the commu 
nication device according to this embodiment, data proceSS 
ing is performed not in the order of receiving but in the order 
of transmission. Normally, the application task issues a TCP 
data receiving request in the order of transmission of data 
from the transmission end communication device. Even in 
that case, a receiving request is issued for the data trans 
mitted later among the data transmitted from the transmis 
Sion end communication device, from the application task at 
the same time as or after the time of the data transmitted 
previously. Due to this, it is possible to decrease the number 
of pieces of data transferred to the receiving window after 
the passage of preset time by limiting the number of pieces 
of data held in the buffer of the driver to not greater than a 
preset number based on the order of transmission, compared 
with a case where data is held based on the order of 
receiving. 
0104 Fourth Embodiment 
0105. A PDA which includes a communication device 
according to the fourth embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
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0106. In the second and third embodiments, it is deter 
mined whether or not the received data is to be held in the 
buffer of the driver based on the preset number. In the fourth 
embodiment, by contrast, the processings of the PDA are 
performed based on a different rule. 
0107. In this embodiment, based on not the preset num 
ber but on a preset data size, data is held in the buffer of the 
driver. That is, if the Sum of the total size of data held in the 
buffer of the driver and the total size of received data is not 
larger than the preset data size, then the received data is held 
in the buffer of the driver. If the Sum of the total size of data 
held in the buffer of the driver and the size of received data 
exceeds the preset data Size, then all or part of the received 
data is transferred to the receiving window. 
0.108 AS can be seen, the PDA including the communi 
cation device according to this embodiment performs pro 
cessings based on the data Size instead of the number of 
pieces of data unlike the Second and third embodiments. The 
other processings are the same as those in the Second and 
third embodiment and will not be, therefore, repeatedly 
described herein. 

0109 AS mentioned above, in the PDA including the 
communication device according to this embodiment, it is 
determined whether or not data is to be held in the buffer of 
the driver based on not the number of pieces of received 
data. Instead, it is determined whether or not data is to be 
held in the buffer of the driver by comparing the sum of the 
total size of the data held in the buffer of the driver and the 
total size of the received data with the preset data size. By 
doing So, if the size of the received data is relatively Small, 
the number of the empty areas of the buffer of the driver 
increases compared with a case where the Sizes of the 
respective received data are relatively large. In other word, 
it is possible to effectively utilize the buffer of the driver by 
as much as the increase of the empty areas of the buffer of 
the driver. 

0110 Fifth Embodiment 
0111 A PDA which includes a communication device 
according to the fifth embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0112 Referring to FIG. 18, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 18, the same processings as those 
in the flowchart shown in FIG. 4 are denoted by the same 
Step numbers, respectively. These processings will not be, 
therefore, repeatedly described herein. 
0113. In S500, CPU 120 determines whether or not 
TCP/IP protocol processing task 124 has received a TCP 
receiving request from application task 126 and has not 
notified application task 126 of the completion of TCP 
receiving. That is, CPU 120 determines whether or not a 
TCP receiving request from application task 126 are waited. 
If TCP/IP protocol processing task 124 has received a TCP 
receiving request from application task and has not notified 
application task 126 of the completion of TCP receiving 
(“YES” in S500), then the processing proceeds to S502. If 
not (“NO" in S500), the processing proceeds to S116. 
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0114. In S502, CPU 120 transfer the TCP data from the 
buffer of the driver to the buffer area designated by the 
application task. In S504, CPU 120 releases the area of the 
buffer of the driver in which the TCP data has been stored. 
Thereafter, the processing proceeds to S118 and then returns 
to S104. 

0115. After the processing in S116, the processing pro 
ceeds to S118 and then returns to S104. 

0116. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. 

0117 FIGS. 19 to 20 show a case where an Ethernet 
frame including TCP/IP packets is received if a receiving 
request from application task 126 of the PDA including the 
communication device according to this embodiment is in a 
wait State. 

0118. As shown in FIG. 19, when a receiving request is 
issued from application task 126, no data is held in the 
receiving window and the buffer of the driver. This indicates 
that a receiving request issued from application task 126 is 
in a wait State. 

0119 FIG. 20 shows processing if a receiving request 
from application task 126 is in a wait state (see FIG. 19) and 
an Ethernet frame including TCP/IP packets is received. As 
shown in FIG. 20, Ethernet controller 110 detects a frame 
having an Ethernet address addressed to its own Station from 
Ethernet frames flowing on the Ethernet. Ethernet controller 
110 stores the received frame in the memory. Ethernet 
controller 110 notifies Ethernet driver 122 of the receiving of 
the frame. 

0120 Ethernet driver 122 transfers the frame received 
from Ethernet controller 110 to the buffer of the driver. 
TCP/IP protocol processing task 124 analyzes the Ethernet 
frame stored in the buffer of the driver, the IP datagram 
included in the Ethernet frame and header information and 
data on the TCP segment included in the IP datagram, 
determines whether or not the frame and the like are 
addressed to its own Station, whether or not there is an error 
in the data and the like, and finally extracts data D(0) of the 
TCP segment. Thereafter, extracted data D(0) is transferred 
from the buffer of the driver directly to the buffer designated 
by application task 126 without going through the receiving 
window. 

0121 AS can be seen, in PDA according to this embodi 
ment, even if a receiving request from the application task-is 
issued before data is received, the data received after the 
receiving request is transferred from the buffer of the driver 
to the buffer designated by the application task without 
going through the receiving window. As a result, compared 
with the conventional art, it is possible to decrease the 
number of times of data transfer. Consequently, it is possible 
to decrease power consumption required for the TCP pro 
tocol processing. 

0122 Sixth Embodiment 
0123 A PDA which includes a communication device 
according to the sixth embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
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first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0.124 Referring to FIG. 21, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 21, the same processings as those 
in the flowchart shown in FIG. 18 are denoted by the same 
Step numbers, respectively. These processings will not be, 
therefore, repeatedly described herein. 
0125 If TCP/IP protocol processing task 124 has 
received a TCP receiving request from application task 126 
and has not notified application task 126 of the completion 
of TCP receiving, then CPU 120 performs a processing E in 
S600. 

0126 Referring to FIG.22, processing E in S600 will be 
described. In S630, CPU 120 determines whether or not the 
size of the received TCP data is larger than the size of the 
buffer area designated by the application task. If the size of 
the received TCP data is larger than the size of the buffer 
area designated by the application task (“YES” in S630), the 
processing proceeds to S632. If not (“NO” in S630), the 
processing proceeds to S638. 

0127. In S632, CPU 120 transfers the data from the buffer 
of the driver to the buffer area designated by the application 
task by as much as the size of the buffer area designated by 
the application task. In S634, CPU 120 releases the buffer 
area of the driver in which the transferred TCP data has been 
stored. In S636, CPU 120 creates management information 
for allowing the buffer of the driver to hold the TCP data 
which has not been transferred. This management informa 
tion includes TCP data extraction time, a TCP data storage 
area and the like. After the processing in S636, the proceSS 
ing proceeds to S118. 

0128. In S638, CPU 120 transfers the TCP data from the 
buffer of the driver to the buffer area designated by the 
application task. In S640, CPU 120 releases the buffer area 
of the driver in which the TCP data has been stored. 
Thereafter, the processing proceeds to S118. 

0129. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. 

0130 FIGS. 23 to 26 show procedures for the transfer 
between the buffers in the PDA including the communica 
tion device according to this embodiment. In this embodi 
ment, when a receiving request is issued from application 
task 126 of the PDA, no data is held in the receiving window 
and the buffer of the driver. FIGS. 23 to 26 show processings 
if a receiving request from application task 126 is Set in a 
wait State until data is received and an Ethernet frame 
including TCP/IP packets is received from the Ethernet. It is 
assumed herein that the transmission end communication 
device transmits the Ethernet frame including data D(0), 
D(1), D(2) and D(3) in this order and that the receiving end 
PDA receives the Ethernet frame including data D(2), D(3), 
D(1) and D(0) in this order. 
0131. In this embodiment, as in the case of the fifth 
embodiment, the extracted TCP segment data is transferred 
not to the receiving window but to the buffer designated by 
the application task from the buffer of the driver. It is noted, 
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however, that only the data which can be contained in the 
buffer designated by the application task is transferred and 
the other data exceeding the preset number is held in the 
buffer of the driver. It is assumed herein that time for which 
the data is held in the buffer of the driver is not longer than 
preset time. Further, the data is held in the buffer of the 
driver, management information for managing data extrac 
tion time, memory arrangement address information on the 
data, the size of the data and the like is created (in S116). 
0132) The data held in the buffer of the driver is trans 
ferred to the buffer designated by application task 126 if a 
receiving request is issued from application task 126 by the 
preset time. If a receiving request is not issued from appli 
cation task 126 by the preset time, the data is transferred 
from the buffer of the driver to the receiving window. 
0133) As shown in FIG. 23, if an Ethernet frame includ 
ing data D(2) is received, data D(2) is extracted as in the case 
of the fifth embodiment. Thereafter, since data D(2) can be 
contained in the buffer designated by application task 126 
(“NO” in S630), data D(2) is transferred to the buffer 
designated by application task 126. If an Ethernet frame 
including data D(3) is received, data D(3) is extracted. 
However, data D(3) cannot be contained in the buffer 
designated by application task 126 (“YES” in S630). Due to 
this, data D(3) is held in the buffer of the driver. At this 
moment, information for managing time T(3) at which data 
D(3) was extracted, memory arrangement address informa 
tion on data D(3), the size of data D(3) and the like is created 
(in S636). At this moment, since data transmitted before data 
D(2) is missing, a receiving request issued from application 
task 126 is continuously Set in a wait State. 
0134 FIG. 24 shows a case where Ethernet frames 
including data D(1) and D(0) are received thereafter. Since 
extracted data D(0) and D(1) can be contained in the buffer 
designated by application task 126 (“NO” in S630), data 
D(0) and D(1) is transferred to the buffer designated by 
application task 126 (in S632). By this time, continuous data 
D(0) to D(2) can be received, so that the wait state of the 
receiving request issued from application task 126 is 
released. 

0135 FIG. 25 shows a case where time for which data 
D(3) is held in the buffer of the driver is not longer than 
preset time and a receiving request is reissued from appli 
cation task 126. When a receiving request is issued from 
application task 126, the management information corre 
sponding to data D(3) held in the buffer of the driver is 
referred to and data D(3) is transferred from the buffer of the 
driver to the buffer designated by application task 126. The 
management information corresponding to transferred data 
D(3) is erased. 
0136 FIG. 25 shows a case where the size of data D(3) 
held in the buffer of the driver is not larger than the size of 
the buffer designated by application task 126. If the size of 
data D(3) held in the buffer of the driver exceeds the size of 
the buffer designated by application task 126, data D(3) held 
in the buffer of the driver is transferred by as much as a size 
equal to the Size of the buffer designated by application task 
126. The remaining data which has not been transferred, is 
continuously held in the buffer of the driver and manage 
ment information is updated to correspond to data D(3). 
0.137 FIG. 26 shows a case where a receiving request is 
not reissued from application task 126 by the time for which 
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data D(3) is held in the buffer of the driver exceeds the preset 
time. If no receiving request is issued from application task 
126 at certain time T, the management information corre 
sponding to data D(3) stored in the buffer of the driver is 
referred to and a period dT(3) from time Tuntil time T(3) for 
which data D(3) is held is calculated. If period dT(3) 
exceeds a preset period, data D(3) is transferred from the 
buffer of the driver to the receiving window. At this moment, 
the management information corresponding to data D(3) is 
erased. 

0.138 AS can be seen, in the PDA including the commu 
nication device according to this embodiment, data D(0) to 
D(2) is transferred from the buffer of the driver to the buffer 
designated by the application task without going through the 
receiving window. By doing So, it is possible to decrease the 
number of times of data transfer, compared with the con 
ventional art. In addition, if a receiving request is issued 
from the application task by the preset time, data D(3) is 
transferred from the buffer of the driver to the buffer 
designated by the application task without going through the 
receiving window, as well. Due to this, compared with the 
conventional art, it is possible to decrease the number of 
times of data transfer. Furthermore, if a receiving request is 
not issued from the application task by the preset time, data 
D(3) held in the buffer of the driver is transferred to the 
receiving window. Therefore, the probability that the buffer 
of the driver is occupied by data D(3) is decreased compared 
with a case where no time limitation is given. Due to this, 
even if an Ethernet which does not include TCP/IP packets 
is received or a plurality of application tasks are eXecuted on 
the PDA and the respective application tasks communicate 
with the other device, then it is possible to decrease the 
probability that the Ethernet frame received by the network 
controller cannot be transferred to the buffer of the driver. 

0139. Seventh Embodiment 
0140 A PDA which includes a communication device 
according to the seventh embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0141 Referring to FIG. 27, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 27, the same processings as those 
in the flowchart shown in FIG. 21 are denoted by the same 
Step numbers, respectively. Processings therefor are the 
Same, as well. These processings will not be, therefore, 
repeatedly described herein. 

0142. In S500, CPU 120 determines whether or not 
TCP/IP protocol processing task 124 has received a TCP 
receiving request from application task 126 and has not 
notified application task 126 of the completion of TCP 
receiving. If TCP/IP protocol processing task 124 has 
received a TCP receiving request from application task and 
has not notified application task 126 of the completion of 
TCP receiving (“YES” in S500), the processing proceeds to 
S708. If not (“NO” in S500), the processing proceeds to 
S700. 

0143. In S700, CPU 120 determines whether or not the 
number of pieces of TCP data held in the driver is not greater 
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than a preset number. If the number of pieces of TCP data 
held in the driver is not greater than a preset number (“YES” 
in S700), the processing proceeds to S116. If not (“NO” in 
S700), the processing proceeds to S704. 
0144). In S702, CPU 120 updates the number of pieces of 
TCP data held in the buffer of the driver. Thereafter, the 
processing proceeds to S118 and then to S104. 
0145. In S704, CPU 120 transfers the TCP data to the 
receiving window. In S706, CPU 120 updates receiving 
window management data. Thereafter, the processing pro 
ceeds to S118 and then to S104. 

0146). In S708, CPU 120 performs a processing F. 
0147 Referring to FIG. 28, processing F in S708 will be 
described. In the flowchart shown in FIG. 28, the same 
processings as those in the flowchart shown in FIG.22 are 
denoted by the same Step numbers, respectively. Processings 
therefor are the same, as well. They will not be, therefore, 
repeatedly described herein in detail. 
0148. In S730, CPU 120 determines whether or not the 
number of pieces of TCP data held in the driver is not greater 
than the preset number. If the number of pieces of TCP data 
held in the driver is not greater than the preset number 
(“YES” in S730), the processing proceeds to S636. If not 
(“NO” in S730), the processing proceeds to S734. 
0149. In S732, CPU 120 updates the number of pieces of 
TCP data corresponding to the buffer of the driver. There 
after, the processing proceeds to S118. 

0150. In S734, CPU 120 transfers the TCP data which has 
not been transferred, from the buffer of the driver to the 
receiving window. In S736, CPU 120 updates the receiving 
window management information. Thereafter, the process 
ing proceeds to S118. 

0151. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowchart will be 
described. In this embodiment, as in the case of the sixth 
embodiment, the extracted TCP Segment data is not trans 
ferred to the receiving window but to the buffer designated 
by the application task from the buffer of the driver. It is 
noted, however, that only the data which can be contained in 
the buffer designated by the application task is transferred 
and the other data is held in the buffer of the driver. 

0152 The data is held in the buffer of the driver under the 
condition that the time for which the data is held in the buffer 
of the driver is within the preset time as described in the 
Sixth embodiment and under the condition, unlike the Sixth 
embodiment, that the number of pieces of data held in the 
buffer of the driver is within a preset number (“YES” in 
S700 and “YES” in S730). Since the operation of holding 
the data in the buffer of the driver based on the preset 
number is the same as that of the second embodiment, it will 
not be repeatedly described herein in detail. 
0153. As can be seen, according to the PDA including the 
communication device in this embodiment, in addition to the 
operation in the Sixth embodiment, the number of pieces of 
data held in the buffer of the driver is limited to not greater 
than the preset number. Due to this, it is possible to Secure 
the empty areas of the buffer of the driver by as much as the 
preset number of pieces of data. Therefore, even if an 
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Ethernet frame which does not include TCP/IP packets is 
received or even if a plurality of application tasks are 
executed on the PDA and the respective application tasks 
communicate with other devices, it is possible to decrease 
the probability that the Ethernet frame received by the 
Ethernet controller cannot be transferred to the buffer of the 
driver. 

0154 Eighth Embodiment 
O155 APDA which includes a communication device 
according to the eighth embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0156 Referring to FIG. 29, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 29, the same processings as those 
in the flowchart shown in FIG. 27 are denoted by the same 
Step numbers, respectively. Processings therefore are the 
Same, as well. These processings will not be, therefore, 
repeatedly described herein. 

O157. In S500, CPU 120 determines whether or not 
TCP/IP protocol processing task 124 has received a TCP 
receiving request from application task 126 and has not 
notified application task 126 of the completion of TCP 
receiving. If TCP/IP protocol processing task 124 has 
received a TCP receiving request from application task 126 
and has not notified application task 126 of the completion 
of TCP receiving (“YES” in S500), the processing proceeds 
to S802. If not (“NO” in S500), the processing proceeds to 
S700. 

0158. In S800, CPU 120 compares a transmission order 
with the number of empty areas and determines whether or 
not the received TCP data can be held in the buffer of the 
driver. If the comparison between the transmission order and 
the number of empty areas shows that the TCP data can be 
held in the buffer of the driver (“YES” in S800), the 
processing proceeds to S116. If not (“NO” in S800), the 
processing proceeds to S704. 

0159. In S802, CPU 120 performs a processing G. 
0160 Referring to FIG.30, processing G in S802 will be 
described. In the flowchart shown in FIG. 30, the same 
processing as those in the flowchart shown in FIG. 28 are 
denoted by the same Step numbers, respectively. Processings 
therefore are the Same, as well. These processing will not be, 
therefore, repeatedly described herein in detail. 

0161 In S830, CPU 120 compares a transmission order 
with the number of empty areas and determines whether or 
not the received data can be held in the buffer of the driver. 
If the comparison between the transmission order and the 
number of empty areas shows that the received data can be 
held in the buffer of the driver (“YES” in S830), the 
processing proceeds to S636. If not (“NO” in S830), the 
processing proceeds to S734. After the processings in S636 
and S732, the processing proceeds to S118 and then returns 
to S104. 

0162. After the processings in S734 and S736, the pro 
cessing proceeds to S118 and then to S104. 
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0163 The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. In this embodiment, as in the case of the seventh 
embodiment, the extracted TCP Segment data is not trans 
ferred to the receiving window but to the buffer designated 
by the application task 126 from the buffer of the driver. It 
is noted, however, that only the data which can be contained 
in the buffer designated by the application task 126 is 
transferred and the other data is held in the buffer of the 
driver. Here, the data which is held in the buffer of the driver 
is limited to the data which Satisfies the two conditions, as 
described in the seventh embodiment, that the time for 
which the data is held in the buffer of the driver is within the 
preset time and that the number of pieces of data held in the 
buffer of the driver is within a preset number. In addition to 
the two conditions, the data which is held in the buffer of the 
driver is limited to the data which Satisfies the condition, as 
in the case of the third embodiment, that data is in the order 
of transmission and within a range of the preset number 
(“YES” in S700 and “YES” in S800). The other data is 
transferred from the buffer of the driver to the receiving 
window. 

0164. Since the conditions that only the data which is in 
the order of transmission from the transmission end device 
and within the preset number is held in the buffer of the 
driver are the same as those in the third embodiment, they 
will not be repeatedly described herein in detail. 
0.165 AS can be seen, according to the PDA including the 
communication device according to this embodiment, by 
limiting the number of pieces of data held in the buffer of the 
driver based on the order of transmission, it is possible to 
decrease the probability that the data is transferred to the 
receiving window after the preset time, compared with a 
case of limiting the number of pieces of data held in the 
buffer of the driver based on the order of receiving. As a 
result, it is possible to decrease the number of pieces of data 
transferred from the buffer of the driver to the receiving 
window and to decrease power consumption required for 
TCP protocol processings. 

0166 Ninth Embodiment 
0167 A PDA which includes a communication device 
according to the ninth embodiment will be described. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. Further, a program 
executed by the PDA including the communication device 
according to this embodiment has a control Structure in 
which it is determined whether or not received data is to be 
held in the buffer of the driver based on a preset data size. 
Since the processings for determining whether or not the 
received data is to be held in the buffer of the driver based 
on the data Size are the Same as those in the fourth embodi 
ment, they will not be repeatedly described herein in detail. 
0.168. In the seventh and eighth embodiments, it is deter 
mined whether or not the received data is to be held in the 
buffer of the driver based on the number of pieces of data. 
In this embodiment, by contrast, it is determined whether or 
not the received data is to be held in the buffer of the driver 
based on the data size. By doing So, if the Size of the received 
data is relatively Small, it is possible to increase the number 
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of empty areas of the buffer of the driver, compared with a 
case where the Size of the received data is relatively large. 
As a result, compared with the PDA in the seventh and 
eighth embodiments, it is possible to further decrease the 
number of times of transferring the received data to the 
receiving window. 

0169. Tenth Embodiment 
0170 A PDA which includes a communication device 
according to the tenth embodiment will be described. In the 
first to ninth embodiments, the preset time, the preset 
number and the preset data Size are constant values. In the 
communication device according to this embodiment, by 
contrast, these values can be set by the application task. The 
hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0171 Referring to FIG. 31, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 31, the same processings as those 
in the flowchart shown in FIG. 10 are denoted by the same 
Step numbers, respectively. Processings therefor are the 
Same, as well. These processings will not be, therefore, 
repeatedly described herein in detail. 
0172. After the processing in S146, CPU 120 performs a 
processing H in S1000 and the processing then proceeds to 
S104. 

0173 Referring to FIG. 32, processing H in S1000 will 
be described. In S1030, CPU 120 calculates a TCP receiving 
request interval as TCP receiving request interval=(present 
time)-(previous receiving request time). In S1032, CPU 120 
performs an arithmetic operation of holding time update 
value=ax(TCP receiving request interval)/N. In S1034, if N 
is integrated by a preset number of times (“YES” in S1034), 
the processing proceeds to S1036. If not (“NO” in S1034), 
the processing proceeds to S104. 
0174) In S1036, CPU 120 updates preset time. The preset 
time is assumed as the update value calculated in S1032. 
0.175. The operation of the PDA including the commu 
nication device according to this embodiment based on the 
above-mentioned structure and flowcharts will be described. 

0176) The PDA calculates an average of values obtained 
by multiplying the TCP receiving request interval by a 
coefficient ax in accordance with the intervals at which 
receiving requests are issued from application task 126 (in 
S1032). If the processing has been performed by a preset 
sample number (N) (“YES” in S1034), the preset time is 
updated to the calculated average (in S1036). 
0177 AS can be seen, according to the PDA including the 
communication device according to this embodiment, the 
application task can dynamically change the preset time in 
accordance with the content of the processing of the appli 
cation task. It is thereby possible to further decrease the 
number of times of transferring data from the buffer of the 
driver to the receiving window. 
0.178 In this embodiment, description has been given 
while assuming that the preset time is updated. However, the 
present invention is not limited thereto. The preset number 
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of pieces of data and the preset data Size may be also 
Subjected to arithmetic operations by the application task So 
as to change the conditions for transferring the data from the 
buffer of the driver to the receiving window. 

0179 Eleventh Embodiment 
0180 A PDA which includes a communication device 
according to the eleventh embodiment will be described. 
The hardware configuration of the PDA according to this 
embodiment is the same as that of the PDA according to the 
first embodiment. The detailed description thereof will not 
be, therefore, repeatedly given herein. 
0181. The PDA including the communication device 
according to this embodiment can change the preset time, 
the preset number of pieces of data and the preset data Size 
of the PDA according to the first to ninth embodiments, 
depending on the State of the network. 
0182 Referring to FIG. 33, a program executed by the 
PDA including the communication device according to this 
embodiment has the following control structure. In the 
flowchart shown in FIG. 33, the same processings as those 
in the flowchart shown in FIG. 29 are denoted by the same 
Step numbers, respectively. Processings therefore are the 
Same, as well. These processings will not be, therefore, 
repeatedly described herein in detail. 
0183) If the result of the analysis of the TCP segment 
shows that TCP data is included, CPU 120 performs a 
processing I in S1100. 
0184 Referring to FIG.34, processing I in S1100 will be 
described. In S1130, CPU 120 determines whether or not a 
response number in a TCP header has been updated. The 
response number in the TCP header indicates that there is a 
response to transmitted TCP data. If the response number in 
a TCP header has been updated (“YES” in S1130), the 
processing proceeds to S1132. If not (“NO” in S1130), the 
processing proceeds to S500. 

0185. In S1132, CPU 120 measures round-trip transmis 
sion time from the response to the transmitted TCP data. 
Here, the round-trip transmission time is measured as round 
trip transmission time=(present time)-(transmission time). 
In S1134, CPU 120 performs an arithmetic operation of 
update value=f3x(round-trip transmission time)/M. In 
S1136, CPU 120 determines whether or not M is integrated 
by a preset number of times. If M is integrated by a preset 
number of times (“YES” in S1136), the processing proceeds 
to S1138. If not (“NO” in S1136), the processing proceeds 
to S500. 

0186. In S1138, CPU 120 updates the preset time. Here, 
the preset time is set at the update value calculated in S1134. 
Thereafter, the processing proceeds to S500, 
0187. The operation of the PDA which includes the 
communication device according to this embodiment based 
on the above-mentioned structure and the flowcharts will be 
described. 

0188 The PDA regularly measures data transmission 
time for transmitting data from the transmission end to the 
receiving end (in S1132). An average of values obtained by 
multiplying the measured transmission time by a coefficient 
f3 is calculated as the update value (in S1134). If the 
transmission time is relatively long, the interval at which the 
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data is transmitted from the transmission end to the receiv 
ing end is long. Therefore, the preset time is set long (in 
S1138). If the transmission time becomes short depending 
on the state of the network, the interval at which the data is 
transmitted from the transmission end to the receiving end is 
short. Therefore, the preset time is set short (in S1138). 
0189 As mentioned so far, the PDA which includes the 
communication device according to this embodiment can 
change the Setting of time for which the data is held in the 
buffer of the driver depending on the state of the network 
(transmission time on the network). It is thereby possible to 
appropriately change conditions for transferring the data 
from the buffer of the driver to the receiving window 
depending on the communication State of the network and to 
decrease the number of times of transferring the data from 
the driver to the receiving window depending on the State of 
the network. 

0190. In this embodiment, description has been given 
while assuming that the condition changed depending on the 
State of the network is the preset time. However, the present 
invention is not limited thereto. The preset number of pieces 
of data and the preset data Size may be changed according 
to the State of the network (data transmission time). 
0191 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 

1. A communication device comprising: 

a network control circuit controlling transmission and 
reception of a data item for a network; 

a first Storage circuit connected to Said network control 
circuit, and temporarily Storing the received data item; 

a Second Storage circuit connected to Said first Storage 
circuit, and Storing data item; and 

a control circuit controlling Said data items Stored in Said 
first Storage circuit and Said Second Storage circuit to be 
transferred to a predetermined buffer, wherein 

Said control circuit includes: 

a first transfer control circuit controlling Said first 
Storage circuit to transfer Said data item Stored in Said 
first Storage circuit to Said buffer in response to a 
request to Store data in Said buffer, when the request 
is issued before preset time passes Since Said data 
item has been Stored in Said first Storage circuit; and 

a Second transfer control circuit controlling Said Second 
Storage circuit to transfer Said data item Stored in Said 
first Storage circuit to Said Second Storage circuit 
when the preset time passes since Said data item has 
been Stored in Said first Storage circuit, and to trans 
fer Said data item Stored in Said Second Storage 
circuit to Said buffer in response to the request to 
store data in said buffer. 
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2. The communication device according to claim 1, 
wherein 

Said first transfer control circuit includes a circuit trans 
ferring Said data item Stored in Said first Storage circuit 
to Said buffer in response to the request issued before 
the preset time passes Since Said data item has been 
Stored in Said first Storage circuit, until a preset number 
of data items have been Stored in Said first Storage 
circuit, and 

Said Second transfer control circuit includes a circuit 
transferring Said data item Stored in Said first Storage 
circuit to Said Second Storage circuit if one of a condi 
tion that preset time passes Since Said data item has 
been Stored in Said first Storage circuit and a condition 
that the preset number of data items have been Stored 
in Said first Storage circuit is Satisfied. 

3. The communication device according to claim 2, 
wherein 

Said first transfer control circuit includes a circuit trans 
ferring Said data item Stored in Said first Storage circuit 
to Said buffer in response to the request issued before 
the preset time passes Since Said data item has been 
Stored in Said first Storage circuit, until the preset 
number of data items have been stored in said first 
Storage circuit in accordance with an order of trans 
mission of Said data items to Said first Storage circuit. 

4. The communication device according to claim 1, 
wherein 

Said first transfer control circuit includes a circuit trans 
ferring Said data item Stored in Said first Storage circuit 
to Said buffer in response to the request issued before 
preset time passes Since Said data item has been Stored 
in Said first Storage circuit, until a preset capacity of 
data items have been Stored in Said first Storage circuit, 
and 

Said Second transfer control circuit includes a circuit 
transferring Said data item Stored in Said first Storage 
circuit to Said Second Storage circuit if one of a condi 
tion that the preset time passes Since Said data item has 
been Stored in Said first Storage circuit and a condition 
that the preset capacity of data items have been Stored 
in Said first Storage circuit is Satisfied. 

5. The communication device according to claim 4, 
wherein 

Said first transfer control circuit includes a circuit trans 
ferring Said data item Stored in Said first Storage circuit 
to Said buffer in response to the request issued before 
the preset time passes Since Said data item has been 
Stored in Said first Storage circuit, until the preset 
capacity of the data items have been Stored in Said first 
Storage circuit in accordance with an order of trans 
mission of Said data items to Said first Storage circuit. 

6. The communication device according to claim 1, 
wherein 

Said control circuit further includes a third transfer control 
circuit controlling Said first Storage circuit to transfer 
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Said data item Stored in Said first Storage circuit to Said 
buffer in response to the request, when the request is 
issued before said data item is Stored in Said first 
Storage circuit. 

7. The communication device according to claim 6, 
wherein 

the request includes information indicating a transfer 
capacity of the data items transferred from Said first 
Storage circuit to Said buffer, and 

Said third control circuit includes a circuit controlling Said 
first Storage circuit to transfer the data items not larger 
than Said transfer capacity out of Said data items Stored 
in Said first Storage circuit to Said buffer in response to 
the request issued before Said data item is Stored in Said 
first Storage unit, and to Store the data items exceeding 
Said transfer capacity in Said first Storage circuit. 

8. The communication device according to claim 1, 
wherein 

Said preset time is Set based on a signal from a transmit 
ting end of the request to Store data in Said buffer. 

9. The communication device according to claim 8, 
wherein 

Said preset time is Set based on a frequency of the request 
transmitted from the transmission end. 

10. The communication device according to claim 2, 
wherein 

Said preset number is Set based on a Signal from a 
transmission end of the request to store data in Said 
buffer. 

11. The communication device according to claim 4, 
wherein 

Said preset capacity is Set based on a Signal from a 
transmission end of the request to Store data in Said 
buffer. 

12. The communication device according to claim 1, 
wherein 

Said preset time is set based on a communication State of 
Said network. 

13. The communication device according to claim 12, 
wherein 

Said preset time is Set based on transmission time required 
for transmitting the data to Said communication device 
on Said network. 

14. The communication device according to claim 2, 
wherein 

Said preset number is set based on a communication State 
of Said network. 

15. The communication device according to claim 4, 
wherein 

Said preset capacity is Set based on a communication State 
of Said network. 


